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ABSTRACT 


A surface treatment for readily machinable materials 

surface treatment permits various form, * • " 

prepared surfaces or bv c . lnteraCtlon Wlth similarly 
es, or by causing another material +-« fi 

^::::: d ;re v :::::: b :r^ 
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BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

10 This invention relates to the surface preparation of 

solid materials to improve their interaction with other 
materials. Such interaction may include adhesive and/or 
mechanical bonding, heat exchange, catalysis or frictional 
engagement . 

15 

REVIEW OF THE ART 

It has long been known to roughen, abrade, 
mechanically indent or otherwise modify or mechanically 
deform the surface of materials to improve their 
20 interaction with other materials in a wide range of 
applications. For example such preparation usually 
improves the bonding of the prepared material to other 
materials such as adhesives used to adhere the surface to 
a surface of another material, or to materials directly 
25 bonded to the surface of the first material, as by casting, 
fusion bonding, and coating, plating or other forms of 
deposition. Such preparation may also be used to improve 
contact between the surface and a fluid, as for heat 
exchange purposes, or to raise its coefficient of 
30 frictional engagement with other surfaces, for example to 
reduce slippage. Such surface preparation techniques 
operate by increasing the surface area of the material, 
providing contact surfaces in many different planes rather 
than a single plane so as to provide improved keying and 
35 ensuring that a fresh surface of the material is exposed 
for interaction. 
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su rf ace OS \Zr°: f Pr t e h P e arati ! n teChni ^ S only . 

place, such techniques are not usually very 

providin, improved interaction with fluids “ 

irregularities in the surface occur largely L, Vf “* 

less static boundary layer of the fi h ° re ° r 

iO involving extensive penetration and d' ® 1 - 1 * 

Peterial have been proposed or utilized They" T 1 ^ 

correspondingly substantial thickness of th " V ° ^ 3 

treated, which entails that the materia* ^ 

of much greater thickness if substantial v • ^ 

15 material is to he ub stantial weakening of the 

illustrated by the arrl * * ^ difficult ^ i- well 
y zne arrangement shown in it q 0^4. a 

3.746,086 (Pasternak) in which the walls of heat h 

tubes are proyided with increased surface area b ^ 

of deep diagonal cuts forming fir-cone like v * “ 

30 tube. To accommodate these cuts the ! t ° n ““ 

is formed with Mtenal of the tubes 

for the va„e “it hou t ^ material 

veils. Ukewise the Td ^ ° f th ° «- 

. in °- s ; patant n °- 

25 into a forest of cones is i , " ater iel is formed 

workpieces of much greater Thick ° nly With 

cones formed on ^ ° f «“ 

•• ....i rn rr ■ r, rr -r 
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surface interacts " Kith “ hiCh «“ — d 
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Another well 
material is planing, 
Pl®ne shavings from 


known form of surface treatment of 
m which a planing tool is utilized to 
the surface of the material so as to 
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flatten it or reduce it to a desired contour. One known 
form of planing tool is the "speed file", as exemplified by 
Canadian Patent No. 927,081, which has multiple small 
spaced apart planing blades which conjointly cut a number 
5 of spaced shavings from the surface of a material being 
planed. The multiple blades, and the application of 

multiple strokes, result in overlapping of the planing cuts 
producing an overall planing of the material and providing 
a smooth surface. 

10 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a 
technique for preparation of a surface of a material to 
provide it with improved interaction and positive 
15 interengagement with an interacting material, within a zone 
whose thickness can be very large compared to the extent of 
surface penetration of the material required by the 
technique. The technique is applicable to readily 

machinable material, which is defined in the context of the 
20 present invention as a material from which a cutting blade 
may plane or gouge a continuous cutting or shaving which 
can be smoothly curled out of the cutting plane without 
fracture. It is generally associated with substantial 
ductility of the material. It will be understood that some 
25 materials which are not readily machinable at ambient 

temperatures may be rendered ductile by the application of 
suitably elevated temperatures. 

The invention in one aspect provides a method of 
30 modifying a workpiece of presenting freely machinable 
material at a generally planar surface thereof, comprising 
planing without detachment a plurality of curved, elongated 
and at least partially retroverted cuttings from spaced, 
non-overlapping, elongated troughs of approximately 
35 constant distribution over said surface, the cuttings 

remaining continuous with the planar surface at one end of 
each trough, using at least one tool providing a planing 
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30 


35 


dimensions of the surface to be treated " 7 
the workpiece with a codified surface r ^ Pr ° Vide 

«ea, part of which increased area i T"*" - S " fa “ 
° f the CUtti "9s which face towards and 

a remainder of the workpiece. aWay fr ° m 

Preferably the distal ends of 
retroverted through core than 10 . 7. 7s “* 

senes of hooks or loops Th« < Present a 

material having a surface' so treated alS ° eXte " dS t0 

cut into the sur f ace^f ^ ^ Penetration of the troughs 
Planing action of the t i* '" ater;lal Wl11 be limited by the 
is limited only by the len9th ° f th * stings 

which they ate planed 7“"“^ ^ th * — *«• 

protuberance from the surface .ZTZpS^ ^ 
curvature, which is a funr-n * de Pend on their 

normally be very much greater" 7an' the7l deSl9 "' ^ WU1 
retroversion of the cuttinos * lanln9 depth - The 

roots of the cuttings with th “ »f the 
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another material. ” 090 P osltlve ly interengage with 
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Planing strokes distributed Tver s^orkM Perf ° r '" 
treated, and provide for di„ "°rkpiece surface to be 

from the workpiece at the end ofTT* “ ^ C “ ttin9 ad9es 
not to separate the cu things formed^ T" “ ^ 
general terms the apparatus comprises It least ^ 

member presenting a cutting edge at a plan, ^ 

surface, structure providing a o», 9 a " 9le to said 

from said cuttiner h ^ 9 ing surface set back 

of the cutting Vd/; :rr ° uin9 aepth ° f panat » ti - 

g edge into the workpiece during p ia„i ng 
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movement of the cutting of each chisel member relative to 
the workpiece, structure providing a guide surface 
directing a cutting planed from the surface of the 
workpiece by the chisel member into a retroverting curve, 
mechanism operable to repeatedly relatively displace each 
chisel member and the workpiece through a predetermined 
planing stroke whereby to plane a non-detached cutting of 
predetermined length from a trough in the surface, and 
operable to withdraw the chisel member from planing 
engagement with the workpiece, and means for permitting 
movement of the workpiece relative to the chisel member so 
that a following planing stroke may be performed on a 
further zone of the surface spaced from the first zone. 

Actual implementation of such apparatus may take 
various forms as described further below. 

SHORT DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Figure 1 illustrates a fragment of a workpiece showing 
a single cutting planed from a trough in a surface of the 
workpiece; 

Figure 2 illustrates a workpiece from which have been 
planed a plurality of cuttings similar to that of Figure 1; 

Figures 3, 4 and 5 are fragmentary views similar to 
Figure 1, showing progressive stages in the formation of a 
cutting; 

Figure 6 is a further fragmentary view showing how 
cuttings may be pressed back into their associated trough 
to trap fibres; 

Figure 7 is a cross-sectional view showing how two 
workpieces may be pressed together to interlock cuttings 
formed on opposed surfaces of the two workpieces; 

Figure 8 illustrates a type of interengagement 
possible when the cuttings are longer and thinner; 

Figure 9 illustrates basic features of a tool for 



2127339 


10 


15 


20 


25 


30 


35 


surface preparation in acc °~ — t,,e 

Figure 10 shows the tool of Figure 9 at a later stage 
Of engagement with a workpiece; 9 

firs/ZTof 11 dia9ramDatiCa11 ^ “'crates elements of a 
' r* ° f apparatus for surface treating workpieces- 

OF the~a^“ A.' 31 " 6 ”'' 1 — - ™„ 

rr := “ “““".rr «•” 

““ ~~ : = 

Figure 15 shows a blade used in a modification of fh 
apparatus of Figure 11 ; Mtlon of the 

Figurl^et Sh ° WS an aSSe " bly ° f tW ° MadeS as ohown i„ 

Figure ar ,? n9ed tC ° Ut ^ ° PPOSita directions; 
igure 17 illustrates the assembly of Figure is in 
cutting engagement with a worknieco • 1 1 1 

cutting forces applied thereto; ' U1UStratin » th * 

Figures 18, 19 and 20 are clan anrt ^ 

apparatuTLr 2 — “ ^ ‘ ^ ^ 

apparatus "shwl in ^ ~ 1 ' °* 

21; FlgUre 23 15 3 Plan View of the apparatus of Figure 

furth Fl9Ur K 24 1S 3n lsometric diagrammatic view of a 
further embodiment of apparatus; 

Figures 25 and 26 show sets of 
further embodiment; US6d ln yet a 

Figure 27 is a plan view of the blades; and 

.* r;: - ~ rr viaus - a — — 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to Figures 1 and 2, a surface prepared in 
accordance with the invention presents a plurality of 
spaced, curved tongues 16 formed by cuttings planed out of 
the surface 12 of the material 10 (which must obviously be 
sufficiently freely machinable, at least at its surface, 
for this to be possible) . By freely machinable in this 
context is meant that it is possible to plane from a 
surface layer of the material and deflect away from the 
surface a continuous "chip" or coherent curved cutting of 
the material. The term "cutting" is preferred in the 
present context rather than "chip" or "shaving" or other 
terminology used in the machining art, to avoid any 
implication that the cutting Is detached from the surface, 
or has a particular cross-section, or is formed from the 
surface by a mechanism other than planing. Some materials, 
such as certain plastics, may not be freely machinable at 
ambient temperatures but become so when the workpiece 
and/or the cutting tool is at an appropriately elevated 
temperature, and such materials so heated during surface 
preparation are within the scope of the invention. 
Materials such as ductile metals and synthetic plastics are 
examples of materials suitable for application of the 
invention. It should also be appreciated that it is only 
the characteristics of the material presented in a surface 
layer of the workpiece which are significant in relation to 
the invention. 

The term "planing" is utilized to describe the action 
utilized in preparing surfaces in accordance with the 
invention, in which a cutting tool is driven into the 
surface of a workpiece to a controlled depth and thus 
advanced in a direction generally parallel to the surface 
of the workpiece to plane or gouge from it a cutting which 
is deflected away from the surface but remaining attached 
to the workpiece adjacent the cutting edge. This leaves a 
trough in the workpiece which is of substantial uniform 
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cross-section except tor an initial portion where the tool 
enters the workpiece material. Unlike in normal planing or 
s eping, the tool is not advanced to a point at which the 
catting tool severs the cutting from- the surface: instead, 
he strokes of the cutting tool are short enough that they 
affect non-overlapping portions of the workpiece surface 
and are short compared to the dimensions of the surface to 
be treated, and at the end of a stroke, the relative 
movement of the tool and the workpiece is reversed to 

whCT th V° 01 t0 diSe " 9a9e fr °” the work Piece in a manner 
which avoids detaching the cutting. This is in contrast to 

regular planing and shaping processes, in which such 

disengagement is to he avoided, and in contrast to 

broaching procedures, in which overlapping cuts of 

progressively increasing depth are required. 

It will be noted by reference to Figure 2 and the 
enlarged fragmentary view in Figure 1 that the tongues 16 
are planed or gouged out of the surface 12 from a trough 14 
" ich initially increases in depth as the forming tool 24 
(see figures 9 and 10) penetrates the surface to a depth 5 
unng translational movement as shown by the arrows and 
then continues at a substantially constant depth as the 
transition. 1 movement of a cutting edge 4 continues, the 
resulting cutting being deflected in a curved path up the 
surface 2 so as to form a tongue 16. As shown in Figures 
and 5, the degree of retroversion of the tongue 
increases as the length of the cutting stroke increases, 

and «K d Sele ° ted tC SUit the aPplioatlon - Tongues 16a 
16b directed in opposite directions may be provided. 

Figure 6 illustrates how fibres 18 from a sheet of 
i rous material, which may form reinforcement for a layer 
o resin, may be physically bonded to the surface of the 
wor piece by applying pressure to the workpiece to flatten 

tram r’Th 16 PartUUy back lnto «>• trough. 14 and thus 
trap the fibres 18= the tongues are thus keyed both in the 
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resin and its reinforcement, providing a superior bond. 

Figure 7 illustrates how tongues formed on two 
similarly prepared workpieces may be interengaged and the 
workpieces then pressed together to flatten and further 
interengage the tongues, thus physically locking the layers 
together and complementing the action of a layer of 
adhesive 19. Figure 8 shows a similar technique, except 
that the tongues are much longer and thinner, forming curly 
fibres 22. The fibres from the two workpieces intertwine 
and interlock somewhat in the manner characteristic of 
hooked pile fabrics such as those sold under the trademark 
VELCRO. The fibres 22 can of course form reinforcement for 
a resin layer 23, as well as bonding it to the workpieces. 

A prepared workpiece 10 may also be bonded to a 
further layer 25 of material (see Figure 14) by causing the 
material to surround the tongues 16 and fill the troughs 
14. This may be achieved in various ways, for example, a 
layer of setting resin, metal or other material may be 
cast, plated or otherwise deposited or coated onto the 
workpiece 10, and caused to cure or set, or material may be 
deposited in powder form and subsequently fused, or a layer 
of fusible material may be. pressed onto a heated workpiece 
10 to cause local fusion of the material so that it flows 
around the tongues 16 and into the cuts 14. In one 
application, the workpiece may form a battery plate, and 
active electrode material may be bonded to the surface. 

It will be noted that an effect of the retroversion of 
the cuttings that produce the tongues 16 is that, as well 
as increasing the surface area of the workpiece, the 
cuttings present surfaces that face back towards the 
workpiece and thus provide positive engagement with a 
material with which the treated surface interacts. 


It will also be noted that the protrusion of the 
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overlapping cuts, which may be reversed i h- n ° n ' 

provide cuts in f>, a . reversed in direction to 

iae cuts m the opposite direction. 

In most commercial applications a •. 

intensive techni,ue is required The Ub °“ r 

required. The apparatus shown in 
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Figures 11-13 may be utilized to prepare workpieces 10 as 
shown in Figure 14. The apparatus comprises a set 
alternating complementary cutting blades 31 and 32, each 
with multiple cutting edges 4, the edges being directed in 
opposite directions on the tools 31 and 32 respectively. 
Each edge 4 is associated with a surface 2 for curling the 
cutting 16 it produces, and each blade is formed with a 
bell-curved notch 8 in its upper surface, slightly offset 
from its centre. The blades 31 and 32 may be identical, 
their designation depending upon the direction in which 
their edges face. Although the blades resemble broaching 
tools, they differ in that there is no progression in the 
depth of cut of the multiple cutting edges 4. The set of 
blades 31 and 32 is subjected to bias pressure on its ends 
to tending to force the blades into alignment as shown in 
Figure 1. A cylindrical actuator 3 is reciprocated between 
the position shown in Figure 11 and the position shown in 
Figure 12, forcing the blades downwardly and outwardly as 
shown by arrows 6 and 7 to provide a plurality of planing 
cuts in a workpiece as shown in Figure 14 (ignoring the 
layer 25) . Plates 9 (see Figure 13) on the outsides of the 
set of blades provide gauging surfaces 11 which limit the 
penetration 5 of the cutting edges 4 into the workpiece. 

A modified cutting tool 31 is shown in Figure 5 in 
which the gauging surfaces 11 are incorporated into the 
tool. The action of this modified tool in relation to a 
workpiece 10 is illustrated in Figures 6 and 7, while 
further details of means to bias the tools and actuate the 
tools are to be seen in the apparatus illustrated in 
Figures 18—20. The tools 31 and 32 are vertically aligned 
by pins 18 passing through horizontal slots 17 in the ends 
of the tools, which may be spaced if desired by shims 13. 
The bias on the tools is provided by tension springs 19 
acting on extensions 18a of the pins 18 so as to cause the 
latter to act on inner ends of the slots 17. The actuator 
3 extends between plates 40 supporting an anvil 41 which 
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reLsses^and th ^ ^ 3 int ° th * bel1 sha P ed 

recesses 8 end thus ectuete the tods to provide a series 

the V" SPa “ d n ° n -° verla PP 1 "9 ^nes over a surface of 
the workpiece 10. Means (for example similar to the ports 
64 and 66 In pi gur e 21) may be provided to 

contrnuous workpiece lateraily or longitudinally relative 
the apparatus between each blow on the anvil 40 so that 
successive portions of the surface nay be treated. 

broc.s eferrinS " OW 40 Pi9 “ reS 21 '” ' ap P arat us suitable for 
processing of the surface of a continuous sheet Is 

illustrated, cutting blades 4 and associated retrovertino 

surfaces are forned on links 50 of a series of lUa e 

chains 5 2 supported on sprocket sets or rollers 64 

60 and 6 2 . Material whose surface is to be treated 1 

roZrrr; support 64 b ~ - : 

Hers 66 which are geared to the sprocket 6 2 such that 
the material 10 is advanced by them at a K * 

greater than .k e rate sub stantially 

9 than the rate at which the chain 5 2 pass beneath 

the sprocket set 60 As Ba nh 4 - oeneath 

sprocket set 60 it , ****** beneath the 

P Cket set 60, it enters the surface of the workpiece 10 

relativIt n Ih 9aU9£d * ““ support 

relative to the sprocket set 60 . since the tooth 4 faces 

way from the direction of advance of the chain and th 

clllr^Ie “ W ° rkPl * C * iS trave Hing faster than thl 
chain, the tooth performs a planing stroke relative to the 

it aim S ° “ tC Penetrate the latter - cut a cutting from 

ii,ure rrr fron the cut as test 

not strictly linear, the trough produced will st U L lI 
suff ciently uniform depth to meet the reguiremel "o the 
invention provided that the diameter of the sprocket set I 

of th “” Pared tP the depth ° f cut - a variation 

this embodiment shown in Figure 24 the teeth a 

formed directly on a set of disks '70 replacing Z 

combination of the sprocket set 60 and the chains s 2 „ 

further variation the chains 6 2 , or the periphery of the 
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set of disks in the modified embodiment of Figure 24, are 
driven so as to advance faster than the workpiece, but are 
braked to a standstill for a predetermined period each time 
a tooth engages the workpiece so as to cut a trough of 
5 predetermined length. In the embodiment of Figures 21-23, 
the braking may be applied to sprocket set 62. 

In the embodiment of Figure 24, similar reference 
numerals are utilized where applicable, but the chains 52 
10 and associated sprockets are replaced by the disks 70. In 
the example shown, these are mounted on a square section 
shaft 72, inserted through square central apertures 78 in 
the disks, the shaft being advanced intermittently in the 
direction of the arrow 74 at a rate greater than the 
15 workpiece is moved in the direction 76 so as to bring a 
tooth 4 into engagement with the workpiece, at which point 
the shaft is halted so that the workpiece is moved past the 
blade as shown and cuts a cutting 16 from a trough 14. 
After a period sufficient for a trough of the desired 
20 length to be cut, the shaft is indexed to engage the next 
blade with the workpiece. Either the back of the teeth are 
sharpened to aid penetration, or sufficient resilience is 
provided in the mechanism to allow a tooth to be advanced 
to the starting point of a cut. 

25 

A further embodiment of apparatus is shown in Figures 
25-29. This embodiment utilizes rows of rotatable cutter 
members 90 of generally volute form, the cutter members in 
each row being mounted on a carrier 88 in a common plane on 
30 pivots 92 with their axes horizontally spaced. Typically 
the axes of members in adjacent parallel rows will be 
offset, as shown in plan in Figure 27. Members in a row 
have crank pins 94 connected by a coupling rod 96, the 
positioning of the crank pins on the members in different 
35 rows being such (see Figures 25 and 26) that motion of the 
connecting rods in the same direction B will rotate the 
sets members in opposite directions A to cause cutting 
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blades 4 on the members to plane cuttings from a workpiece 
(see Figure 28). while movement of the rods in the 
opposite direction will withdraw the blades 4 from the 
workpiece (see Figure 28). Th e volute form of the 

c!nt C “ tter " emberS f ° rms a gauging function 

controlling the depth of cut. The workpiece 10 to be 

in F tT treated 1S lnaexed b y a feed mechanism (not shown) 
in the direction c (see Figure 27) between each 

fr™ a° C v the C ° UPlln9 r ° dS 96 “ hich >=e driven 
shown) 3 " ,n0t sh °“"> ^ connecting rods (not 
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anm.™f WU1 ”* appreciated “at the examples of 
applications and manufacturing apparatus outlined above are 

“thi„ the° nlY a " d ” 0di,icatlons variations thereof are 

:;ied Tiarr of the invention - — - 
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I CLAIM; 

1. A method of modifying a workpiece presenting freely 
5 machinable material at a generally planar surface thereof 

comprising planing without detachment a plurality of 
curved, elongated and at least partially retroverted 
cuttings from spaced, non-overlapping, elongated troughs of 
approximately constant depth distributed over said surface, 
10 the cuttings remaining continuous with the planar surface 
at one end of each trough, using at least one tool 
providing a planing action with a stroke which is small 
compared with the dimensions of the surface to be treated, 
whereby to provide the workpiece with a modified surface of 
15 increased surface area, part of which increased area is 
provided by surfaces of the cuttings which face towards and 
are spaced away from a remainder of the workpiece. 

2. A method according to Claim 1, wherein the distal ends 
20 of the cuttings are retroverted by cutting through more 

than 180° with respect to the planar surface at the one 
ends of the zones. 

3. A method of establishing contact between a workpiece 

25 having freely machinable material at a generally planar 

surface thereof and an at least temporarily fluent 
rosterial, comprising modifying said surface of the 
machinable material according to the method of Claim 1, and 
flowing the fluent material into contact with the extended 
30 surface area of said surface. 

4. A method according to Claim 3, wherein the fluent 

material is a fluid in heat exchange relationship with the 
extended surface area. 

35 

5. A method according to Claim 3, wherein the fluent 

material is a mixture of reagents whose reaction is 
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10 


catalyzed by the modified surface. 

6- A method according to claim 5, wherein the modified 
surface is surface treated after formulation and prior to 

contact with the mixture to provide it with catalytic 
properties . 1 

7. A method according to claim 3, in which the fluent 
material is a liquid settable to a solid. 

8. A method according to Claim 7, wherein the settable 
liquid is a layer of adhesive, and including the step of 

onding a second workpiece to the adhesive layer. 

8. A method according to claim 8, wherein the second 

workpiece has a surface modified similarly to that of the 
first workpiece. 

10. A method according to claim 9, wherein the cuttings 
from the first and second workpieces are brought into 
interlocking relationship within the adhesive layer. 

11. A method according to claim 3, wherein the at least 
temporarily fluent material is a fusible solid, and the 
workpiece is heated above a fusion temperature of the 
fusible solid as the latter is pressed against the 
t r piece so that the cuttings locally fuse and penetrate 


12. A method of bonding surfaces of two workpieces of 
freely machinable material, comprising modifying the 
surfaces to be bonded by the method of claim 2, and 

n- th : w ° r,tpieces to9oth * r «<* th e cutti„ g s on 

the modified surfaces interlock. 

13. A method according to claim 1 , wherein the workpiece 
is heated to render its material freely machinable. 
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14. A method of bonding surfaces of two workpieces, one of 
freely machinable material and the other of fibrous 
material, comprising modifying the surface of the one 

. workpiece in accordance with Claim 1, interengaging fibres 
of the fibrous material of the other workpiece with the 
cuttings of the first workpiece, and compressing the 
cuttings against the first workpiece to trap the fibres. 

15. A workpiece of freely machinable material having a 
generally planar surface with a plurality non-overlapping 
elongated channels cut in its surface with a non-detached 
curved, elongated, and at least partly retroverted cutting 
of said freely machineable material rooted at one end of 
each channel and springing from it initially in line with 
the channel and with said surface, the channels and 
cuttings being short compared with the dimensions of an 
area of the surface over which the channels are 
distributed. 

16. A workpiece according to Claim 14, wherein the 
cuttings are retroverted through more than 180° relative to 
their roots. 

17. A workpiece according to Claim 14, wherein said 
surface is treated to provide it with surface catalytic 
properties . 

18. Apparatus for modifying a generally planar surface of 
a workpiece of freely machinable material, comprising at 
least one chisel member presenting a cutting edge at a 
planing angle to said surface, structure providing a 
gauging surface set back from said cutting edge and 
controlling depth of penetration of the cutting edge into 
the workpiece during planing movement of the cutting edge 
of each chisel member relative to the workpiece, structure 
providing a guide surface directing a cutting planed from 
the surface of the workpiece into a retroverting curve, and 
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chanism operable to repeatedly relatively displace each 
chisel member and the workpiece through a predetermined 
Planing stroke whereby to plane a non-detached cutting of 
predetermined length from a trough in a first rone of the 
5 surface, and operable to withdraw the chisel member from 
Planing engagement with the workpiece, and means for 
permitting movement of the workpiece relative to the chisel 
member so that a following planing stroke may be performed 
on a further zone of the surface spaced from the first 
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19. Apparatus according to claim 18, including at least 

one tool carrying multiple chisel members presenting 

cu mg edges at a planing angle to multiple locations on 
said surface. 
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20. Apparatus according to claim 19, including at least 

two tools presenting multiple chisel members directed in 
opposite directions, 

21. Apparatus according to claim 20, including means to 
simultaneously displace said tools or sets of tools into 
Planing engagement with the workpiece in the direction in 
which their chisel members are directed, 

22. Apparatus according to claim 18, comprising means to 
advance a workpiece presenting a generally planar surface 
a-o ,«5 a defined path, mechanism withdrawing plural chisel 
members successively through a curved path tangential to 
said generally planar surface at a velocity less than the 
velocity at which the workpiece advancing means advances 
the workpiece, such that the chisel members successively 
penetrate the workpiece, execute a planing motion relative 
to the workpiece, and withdraw from the workpiece. 

23. Apparatus according to claim 18, including multiple 
chisel members each carried on a rotatable disk mounted for 
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reciprocating movement through an angle sufficient to move 
the chisel member into engagement with the workpiece and 
through a planing stroke, and to disengage the chisel 
member from the workpiece, and a coupling rod for 
5 conjointly reciprocating the disks carrying the chisel 
members . 


Ridout & Maybee 
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